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Electrospray mass spectrometry (ES/MS) and matrix-assisted laser desorption ionization 
time-of-flight mass spectrometry (MALDI/TOF/MS) were used to provide mass spectra 
from seven elapid snake venoms. Spectral interpretation was much simpler for 
MALDI/TOF/MS. ES/MS proved more useful for the provision of molecular weight data 
for very closely related peptides, but suppression of higher molecular weight compounds 
was seen to occur during flow injection analysis. MALDI/TOF/MS proved useful for 
providing a complete picture of the venom, but the low resolution led to obscuring of major 
ions, and the mass accuracy was poorer for known peptides. Suppression also occurred 
during MALDI/TOF/MS but could be overcome using alternative matrices because the 
spectra were very dependent on the choice of matrix. ES/MS and MALDI/TOF/MS provide 
complementary and confirmatory information such that for the anal sis of complex peptide 
mixtures (snake venoms), the use of both techniques is desirable. 1 Am Sot Mass Spectrom P 
1993,4, 670-684) 
B 
ecause of recent developments in mass spec- 
trometry, there has been an explosion of interest 
in the molecular weight determination of high 
molecular weight species. Two of the techniques that 
have received much attention for the determination of 
high-mass compounds are electrospray mass spec- 
trometry (ES/MS) and matrix-assisted laser desorp- 
tion ionization time-of-flight mass spectrometry 
(MALDI/TOF/MS). Both techniques have proved use- 
ful for the characterization of similar classes of com- 
pounds, such as peptides, proteins, glycoproteins, and 
saccharides. Our recent interest is in the analysis of 
complex peptide mixtures of which snake venoms pro- 
vide a challenging example. 
ES was introduced by Dole et al [l] in the 1960s 
when the ionization and multiple charging of macro- 
molecules were demonstrated, although the first re- 
ports of ES mass spectra were much later [2]-[5]. The 
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production of multiply charged ions by ES [6,7] and 
other ionization techniques [B-lo] means that the de- 
termination of compounds whose molecular weights 
exceed that of the limits of the mass spectrometer is 
possible. The applications and mechanisms of ES ion- 
ization are discussed in several reviews of atmospheric 
ionization sources [ll-151. 
TOF/MS was initially reported by Wiley and 
McLaren [ 161 in 1955 and has found numerous applica- 
tions since then [17]. Interest has recently increased 
owing to the introduction of MALD by Karas and 
Hillenkamp [18] and Tanaka et al. [19], which allows 
the analysis of large molecules in excess of 300 kDa 
[17]. Spectra are dominated by protonated molecular 
ions, although slight multiple charging and cluster 
formation have been seen [20]. Several reviews of 
MALDI/TOF/MS have been published recently 
[ 17,21-231. 
Mambas ( Dendroaspis), cobras (IV@, Hemachatus), 
and coral snakes (Micrurus) are members of the Elapi- 
dae family of snakes that also includes kraits 
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(Bungurus) and tiger snakes (Notechis) [24]. These 
snakes all possess venomous bites, and the venoms 
exist as a complex “cocktail” of chemicals. Dried snake 
venoms contain 90-95% small molecular weight pro- 
tein components that are responsible for the pharma- 
cology and the lethal action [25]. Many of the peptides 
are not in themselves toxic but act synergistically with 
others in the venom [26]. The wide range of pharmaco- 
logic properties demonstrated by these peptides has 
meant that interest has been generated in the possible 
medical applications of snake toxins. 
To date, the analysis of snake venoms has mainly 
been concerned with the extraction of discrete proteins 
from several Elapidae venoms using gel filtration and 
ion chromatography to isolate fractions of interest, 
containing active substances, and with subsequent 
protein sequencing [24]. Several proteins have been 
separated and sequenced from the venoms of Den- 
drouspis jumesoni kaimosae (Jameson’s mamba, D. 
jamesoni), Dendroaspis polylepis polyfepis (black mamba, 
D. polylepisl, Dendroaspis augusticeps (eastern green 
mamba, D. augustimps), and Hemachatus haemachatus 
(Ringhals cobra, H. haemachatus), but the venom of 
Micrurus f&us (eastern coral snake, M. ,fulvius~ is 
totally uncharacterized [24-401. 
Protein sequence confirmation and structure deter- 
mination of toxins isolated from the venoms of D. 
polylepis [41~43] have been performed using ‘H-nuclear 
magnetic resonance. Phospholipase A, fractions from 
the venom of N+ mossambicu mossambicu (Mozam- 
bique spitting cobra, N. mossambica) have been charac- 
terized by using ion spray mass spectometry 1441, and 
toxins from the venom of Ophiophagus kannah (Malayan 
pit viper) have been isolated using preparative scale 
liquid chromatography (LC) with subsequent molecu- 
lar weight assignments provided by ES/MS [45]. 
Methods for the determination of entire snake venoms 
include reversed-phase high-performance liquid chro- 
matography (HPLC) for characterization of toxins 
present in the venom of N. mossambica and subsequent 
application of the method to the study of the venoms 
from other cobras [46] and on-line capillary elec- 
trophoresis (CE)/ES selected ion monitoring mass 
spectrometry (SIMM‘S) of venoms from eight different 
snakes, including those listed previously [47,48]. 
CE/ES/SIMMS provided a rapid means of determina- 
tion of species present in the venom and proved partic- 
ularly useful for the separation of peptides of similar 
molecular weights and those which yielded multiply 
charged ions of the same mass-to-charge ratio [47,48]. 
The number of toxins present in snake venoms has 
been estimated at approximately 30 by conventional 
methods [49], but CE/ES/SIMMS experiments indi- 
cated the presence of approximately 100 toxins in the 
venom of D. polylepis and 60 in the venom of D. 
jamesoni [47,48]. We are interested in how much pre- 
liminary information about complex peptide mixtures 
(snake venoms) can be gleaned simply from the mass 
spectra acquired using ES/MS and MALDI/TOF/MS. 
Experimental 
ES/MS 
The ES mass spectra were acquired on a Kratos Con- 
cept ISQ of EBqQ geometry (Kratos Analytical, Man- 
chester, UK) fitted with an ES ionization source. The 
ES needle was operated at a potential of 8 kV, and the 
accelerating potential was 4 kV. Flow injection analysis 
of the snake venoms (1 mg/mL in distilled water) was 
performed by placing the sample vial in the well of a 
stainless steel pressure vessel, described previously 
[Xl], and forcing the analyte through a silica column 
[75-pm inner diameter (i.d.), 150 pm outer diameter 
(o.d.)] by pressurizing with helium. A makeup solu- 
tion of 50~50 methanol:3% acetic acid was provided 
coaxially from a Harvard syringe pump (model POP, 
Harvard Apparatus, South Natick, MA). Spectra were 
acquired in the profile mode from m/z 400 to 2200 at 
a scan rate of 5 s/decade. Mass calibration was pro 
vided by a mixture of gramicidin S and bovine insulin. 
The mass resolution was 1000 (10% valley definition). 
Data acquisition and system control were performed 
using a Sun SPARC station IPC (Sun Microsystems, 
Inc., Mountain View, CA). 
The CE system was constructed m-house and has 
been described elsewhere [Sl]. It utilizes a Glassman 
HV power supply (Whitehouse Station, NJ) with re- 
versible polarity that was operated at -22 kV. The 
high-voltage end of the CE capillary is located in a 
plexiglass box, and the CE ground is the ES needle 
itself at approximately 8 kV, giving an effective volt- 
age drop of approximately 30 kV. CE/ES/MS of the 
venom from M. fulvius and Naja mdanolcuca (black- 
and-white cobra, N. melunoleuca) was performed using 
a 1.1-m length of 3-aminopropyltrimethoxysilane 
derivatized 75-pm id. fused-silica capillary column 
with 0.01 M acetic acid buffer (pH 3.5). Samples were 
injected onto the analytical column using a stainless 
steel pressure vessel [SO] or by a timed gravimetric 
injection. 
MALDI/TOF/MS 
Lyophilized snake venom (approximately 1 mg) was 
dissolved in distilled water. (Previously, solutions were 
prepared in 0.1% trifluoracetic acid, but it was found 
that the spectral quality of the venoms declined with 
time because of decomposition.) Prior to acquisition of 
spectra, 100 /AL of venom solution was mixed with 100 
I.LL 0.2% aqueous hifluoracetic acid; 1 PL of this 
solution was spotted onto a 20-spot stainless steel 
sample slide, followed by 1 FL of sinapinic acid or 
a-cyano-4-hydroxycinnamic acid matrix solution (10 
mg/mL in 50:50 EtOH/H,O that contained 0.1% tri- 
fluoracetic acid). Mass spectrometry analysis was per- 
formed on a Kratos KOMFACT MALDI III LD/TOF 
mass spectrometer (Kratos Analytical) operating at 20 
kV accelerating potential in the linear mode. Data were 
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recorded by using a Sun SPARC station IPC using 
OPEN LOOK software. Mass spectra were obtained by 
averaging 50 or 100 shots acquired by rastering across 
the sample surface or, following this procedure, by 
sampling on a previously noted “sweet spot” on the 
sample surface, using a variety of laser powers. Higher 
laser powers allowed the review of high molecular 
weight species present in the sample, whereas de- 
creased power provided better discrimination between 
the lower molecular weight peptides. External mass 
calibration was provided by the [M + HI+ ions of 
either bradykinin or bovine insulin and sinapinic acid 
or by the [M + HI+ ions of bovine insulin and horse 
heart cytochrome c, with extrapolation to the ions of 
interest. For the venom from D. polylepis, where an 
unambiguous signal with no interference was seen for 
toxin I (M, 7132.41, internal calibration to provide 
more accurate mass assignment was performed. 
Chemicals 
The standard samples of lyophilized snake venoms (D. 
polylepis, D. jamesoni, D. augusticeps, H. haemachatus, M. 
fidvius, N. mossambica, and N. melanoleuca), bradykinin, 
gramicidin S, bovine insulin, sinapinic acid, cu-cyano- 
4-hydroxycinnamic acid, and trifluoracetic acid were 
obtained from Sigma Chemical Co. (St. Louis, MO). 
Portions of venoms were dissolved in water that was 
obtained from a Milli Ro/Milli-Q system (Millipore 
Corp., Bedford, MA) for ES experiments. The makeup 
flow contained HPLC-grade acetic acid that was pur- 
chased from J. T. Baker Chemical Co. (Phillipsburg, 
NJ) and the HPLC-grade methanol was obtained from 
Fisher Scientific (Fair Lawn, NJ). Ethanol was supplied 
by Aldrich Chemical Co. (Milwaukee, WI). 
Results and Discussion 
The ES and MALDI/TOF mass spectra of the snake 
venoms are illustrated in Figures 1-5, and the infor- 
mation from the spectra is summarized in Tables 1-5. 
Tables l-4 are divided into two sections, the first 
summarizing the sequenced toxins from each venom 
and the second summarizing unknown peptides. The 
peptides are listed in order of ascending molecular 
mass, with the number of charge states identified to 
assign that molecular mass. The ES mass spectra actu- 
ally show multiply charged ions, and the molecular 
masses quoted are based solely on arithmetic calcula- 
tions where the numbers in parentheses indicate 
whether any of the ions used to calculate a molecular 
mass have been used elsewhere [e.g., 4f2) indicates 
that four ions were found to assign a molecular mass, 
but two of these were found in common with other 
peptides]. It is known that ions of different charge 
states occur at the same mass-to-charge ratio [471, so 
that allocation of a single mass to more than one 
molecular mass calculation is possible. 
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Figure 1. (a) ES mass spectrum of the venom from D. jamesoni. 
(b) Positive ion MALDI/TOF mass spectrum of the venom from 
D. jumesoni using sinspinic acid matrix. (c) As in (b) but using 
a-cyano-4-hydruxycinnamic acid matrix. 
The accuracies of the molecular masses of se- 
quenced peptides obtained from the ES mass spectra 
were calculated from the difference between the exper- 
imental molecular mass and the mass calculated from 
the published sequences, and this is expressed as a 
percentage of the theoretical molecular mass. 
The relative abundances of ions seen using each 
ionization method are listed. ES/MS abundances are 
listed as a percentage of the summed intensities of the 
charge states of the most abundant peptide. The CE 
column indicates whether the peptides were noted in 
previous CE/ES/SIMMS experiments [47,48]. 
Both ES/MS and MALDI/TOF/MS can provide 
useful information about the molecular masses of 
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b 
Figure 2. (a) ES mass spectrum of the venom from D. polykpis. (b) Positive ion MALDI/TOF mass 
spectrum of the venom from D. polykpis using sinapinic acid matrix. Cc) Negative ion MALDI/TOF 
mass spectrum using sinapinic acid matrix. Cd) Positive ion MALDIjTOF mass spectrum using 
ru-cyano-4-hydroxycinnamic acid matrix. (e) Negative ion MALDI/TOF mass spectrum using 
a-cyano-4-hydroxycimic acid matrix. 
species present within a snake venom. The acquisition 
of spectra of the snake venoms can be routine using 
MALDI-TOF-MS, but this is dependent on the matrix 
identity and the polarity of the accelerating voltage. 
The acquisition of ES mass spectra was routine, and 
run-to-run reproducibility was superior to MALDI/ 
TOF/MS. 
Sample throughput is mainly dependent on the 
ease of spectral interpretation. This is simple for 
MALDI/TOF/MS because [M + HI+ ions are mainly 
observed, although some clusters and [M + z-@+ ions 
were noted. The interpretation of ES mass spectra is, 
however, more difficult. In general, the toxins with 
molecular weights in the range 6000-YOOO Da show 
ions ranging from [M + 8Hls+ (sometimes [M + 
9H19+) to [M + 4H14+, whereas the toxins of molecular 
weights of approximately 13,000 Da show ions ranging 
from [M + lOH]l”+ to [M + 7H17+. Thus, each species 
will be represented by peaks at several mass-to-charge 
ratios, and because we know that several peptides are 
present in each venom, the spectra will contain a large 
number of apparent peaks. We decided that at least 
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Figure 3. (a) ES mass spectrum of the venom from D. nugusti- 
cqs. (b) Positive ion and Cc) negative ion MALDI/TOF mass 
spectrum of the venom from D. augusticeps using sinapinic acid 
matrix. 
three charge states should be noted to assign molecu- 
lar weights for any one peptide from the ES spectrum. 
This inevitably leads to the exclusion of species known 
from other experimental data but provides a useful 
control so that spurious peaks are excluded. For com- 
parison, the assignment of molecular weights during 
CE/MS experiments was based on only two ions be- 
cause the migration times could be used as an addi- 
tional discriminatory factor. The venom of M. fulvius 
contained a peptide of molecular weight 6638 Da [481, 
but the ES mass spectrum revealed only two ions, so 
definite identification would only be possible after 
some separation step. 
The MALDl/TOF and ES mass spectra of the mam- 
bas show that the major proportion of the venom 
results from lower molecular weight peptides (m/z = 
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Figure 4. (a) ES mass spectrum of the venom from H. haemacha- 
tus. (b) Positive ion MALDI/TOF mass spectrum of the venom 
from H. haewt~chatus using sinapinic acid matrix. 
a 
i2 b 
Figure 5. (a) ES mass spectrum of the venom from M. fufuius. 
(b) Positiw ion MALDI/TOF mass spectrum of the venom from 
M. /ulvius using al-yano4hydroxycinmic acid matrix. 
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6000-9000) (Figures 1-3, Tables l-31, whereas a sig- of proteins up to m/z 50,000 was noted in the 
nificant portion of the venoms of H. haemachatius (Fig- 
ure 4, Table 4) and M. ji~lvius (Figure 5, Table 5) 
MALDI/TOF mass spectra of D. qusticeps, li. 
haemachatus, and M. j&us. For comparison purposes 
contain species of molecular masses of approximately this discussion will concentrate on those peptides of 
13,000 Da. At higher laser powers, the presence molecular masses of less than 20,000 Da. 
Table 1. Comparison f the peptides observed inthe ES and 
MALDI/TOF mass spectra of the venom from D. jnmesonP 
Sequenced toxins Relative ion abundance 
Charge Accuracy ES +SA -SA +CHCA -CHCA 
Toxin ryl, talc. M, ES state’ (%I (%) (%I (a) (%) (%I CE 
S5ClO 6513.6 
VJ, 6720.6 6719.2 410) 0.02 6 - - 28 33 t 
SsC4 6764.0 8764.4 4(l) 0.006 34 8 - 100 100 + 
S&a 6960.1 6959.7 4(O) 0.006 5 - ~ 11 10 + 
S,Cl 7016.0 7014.4 3(O) 0.02 1 - - 6 - + 
VJI, 8175.5 8171.7 513) 0.05 3 - - 4 - t 
S2C.I 13,435.7 - _ + - _ 
Other species observed Relative ion abundance 
M, 
Charge 
statea 
+SA -SA + CHCA - CHCA 
(%) (%I (%) I%) CE 
6220.6 3(O) 1 
6456.5 3(O) 2 
6564.2 3(O) 2 
6577.0 3(11 2 
6603.1 
6617.6 
6634.2 
6655.8 
6674.6 
6746.2 
6786.6 
6805.0 
6846.0 
6855.0 
6886.0 
6925.0 
6943.0 
7042.6 
7060.2 
7089.0 
7149.8 
7168.5 
7385.9 
- 8 
3(O) 4 
4(l) 5 
4(01 100 
4(l) 6 
4(O) 5 
3(01 6 
4(01 3 
412) 2 
- 
- 
- 
3(O) 2 
3(O) 1 
3(l) 2 
401 4 
4(O) 3 
- 
- 
- 
- 
100 
- 
21 
8 
3 
11 
8 
- 
4 
3 
- 
- 
7 
- 
- 
100 
47 
11 
- 
6 
4 
- 
- 
- 
4 
9 
5 
- 
7 
20 
10 
17 8 
5 8 
9 
2 
- 
18 
12 
12 
91 
70 
50b 
- 
20 
19 
10 
10 
- 
+ 
+ 
_ 
_ 
_ 
+ 
_ 
_ 
+ 
_ 
+ 
f 
+ 
a Charge state refers to the number of multiply charged ions seen to awgn any molecular mass, with 
the numbers in parentheses providing an indication of the number of those multiply charged ions that 
are also used in the molecular mass assignment of other peptides..+SA, sinapinic acid matrix with 
+20-kV accelerating potential; - SA, sinapinlc acid matrix with -20.kV accelerating potential; ICHCA, 
a-cyano-4.hydroxycinnamic acid matrix with +20-kV accelerating potential; -CHCA. a-cyano-4.hy- 
droxycinnamic acid matnx with -20.kV accelerating potential. Specw observed using one method but 
with no corroboration: ES /MS M, 6539.9 [3(l), 2%1. M, 6731 .5 [4(O). 5%1; M, 7611.6 I411 ). 2%1 M, 
7943.8 [3(2), 3%1; M, 8590.3 14(01. 3%1: M, 14316.3 [4(O), 3%1: M, 14.338.1 13(2). 2%1. MALOI /TOF / 
MS- sinapinic acid (positive ion) M, 6866 (7%); u-cyano-4.hydroxycinnamic acid (positive ion), M. 
7126 (4%). M, 7195 (4%). M, 7241 (4%), M, 7295 (4%). M, 7405 (4%). M, 7460 (4%). M, 8475 (2%). M. 
14,106 (2%); at higher laser powers. M, 13.520, M, 14,140; u-cyano~4-hydroxycinnamic acid (negative 
1on1, M, 6700 (18%). M, 6814 (20%). M, 6914 (10%). M, 7033 (8%). 
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Table 2. Comparison of the peptides observed in the ES and 
MALDI/TOF mass spectra of the venom from D. polylepisa 
Sequenced toxins Relative ion abun,dance 
Charge Accuracy ES +SA -SA +CHCA -CHCA 
Toxin Me talc. Mr ES statea (%) (%) I%) (36) (%I 1%) CE 
6 
K 
E 
C 
a 
FS, 
CM-3 
s 
Y 
A 
A’ 
6469.6 
6559.8 
6613.8 
6808.9 
6906.9 
7018.2 
7132.4 
7336.4 
7988.4 
8033.3 
8635.2 
8666.3 
- 19 
6558.6 410) 0.02 31 30 
6807.4 412) 0.02 12 100 
7035.v 511) 26 65 25 
7131.7 5(O) 0.01 100 36 
7989.2 412) 0.01 14 - 
8030.7 310) 0.03 10 - 
8632.9 3(O) 0.03 4 - 
56b 
30b 40 37 t 
- _ 
21 40 59 + 
lob 18 - 
/46d 51 55/47d + 
16 100 100 t 
100 
8 50 - t 
- - - 
6227.0 
6356.1 
6395.0 
6430.0 
6484.8 
6516.0 
6537.8 
6575.0 
6590.0 
6635.0 
6650.0 
6670.7 
6690.0 
6707.5 
6723.0 
6760.0 
6791.5 
6633.4 
6847.8 
6860.0 
6895.0 
6966.0 
7005.5 
7076.6 
7095.0 
7173.3 
7185.0 
7216.1 
7230.2 
7251 .O 
7268.0 
4(O) 
4(3) 
- 
14 
6 
4(O) 13 
3(O) 4 
- 
4(2) 
- 
16 
313) 5 
- 
4(O) 7 
4(l) 7 
312) 8 
412) 
310) 
- 
- 
6 
7 
511) 
4(O) 
3(2) 
18 
- 
3 
5 
- 
Relative ion abundanceb 
tSA -SA tCHCA - CHCA 
(%I (%I (%I (%I CE 
5 6 - 
23 
36 
31 
41 
34 
- 
19 
14 
17 
23b 
- 
19 
12 
74 
53 
38b 
- 
28 
16b 
25 
20b 
24 
16 
- 
14 
- 
- 
- 
14 
25 
lib 
- 
13 
- 
14b 
12 
17 
lib 
- 
16 
16 
- 
12 
8b 
lob 
10 
10 
- - 
- 
54 34 
14 21 
11 18 
48 38 
31 30 
28b 37 
27’ 30 
27 
14 
21 
23 31 
21 
11 - 
21 
18 40 
24 - 
18 - 
21 32 
13 - 
11 - 
- 24 
15b - 
30 42 
28 
32 49 
- 60 
24 - 
20 40 
21 44 
- 31 
- 
- 
+ 
_ 
_ 
+ 
+ 
_ 
_ 
_ 
+ 
- 
- 
+ 
_ 
_ 
_ 
- 
- 
+ 
+ 
+ 
- 
Other species observed 
Charge 
Jw statea 
6074.0 3(l) 
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Table 2. (Continuerl) 
Other species observed Relative ion abundance 
Charge ES +SA -SA +CHCA - CHCA 
M, states (9/o) (%I (%I (%I (%I CE 
7289.6 411) 5 18 26 _ 
7307.2 5(l) 10 23 43 
7320.0 32 23 _ 
7350.6 3(l) 3 36 58b _ 
7378.6 4(21 5 62 66 16 28 _ 
7439.3 5(O) 13 - 46b 19 _ 
7462.0 - - 48 15 25 _ 
7502.0 - - 36 - 19 - 
7543.7 5(Z) 6 12 27b 12 - - 
7670.8 4(Z) 6 29 28b 16 - - 
7973.9 5(O) 20 - + 
8004.4 5(2) 41 5 5 51 48 + 
8045.2 4(2 I 19 - - 21b 24 - 
8506.1 4(2) 10 - - 8 - _ 
‘See Table 1 far explanation of charge state, +SA, -SA. +CHCA, and -CHCA. Species observed 
using am? method but with no corroboration. ES /MS-M, 8403 2 13(l), 3%1; M, 8433.8 [3(3), 5%1; M, 
8603.8 14121, 8%1. MALOI /TOF /MS - sinaplnic acid (positwe ion), M, 8549 (3%): sinapinic acid 
(negative ion) M, 6233 (37%). M, 6268 (28%). Mr 6337 (I 9%). M, 6368 (9%). M, 6387 (17%*), M, 
6415 (13%). M, 6565 (31%). M, 6604 (14%*), M, 6747 (13%*). M, 6784 (15%*), M, 6820 (I l%*l, M, 
6873 (7%). Mr 6934 (15%). M, 6946 (13*1, Mr 6978 (15%). Mr 7106 110%). M, 7160 (15%). M, 7222 
(11%). M, 7408 (41%). M, 7431 (50%). M, 7465 (32%). M, 7525 (32%). M, 7582 (22%). M, 7539 
(16%*). M, 7623 (I 6%). M, 7533 (32%). M, 7733 (I 2%). M, 7781 (10%). M, 7804 17%“). M, 7831 (5%). 
M, 7866 (8%). M, 7900 (8%): or-cyano-4.hydroxycinnamic acid (positive ton), M, 6360 (19%). M, 6456 
(10%). M, 8055 (16%). M, 8174 (16%); u-cyana-4.hydroxycinnamic acid (nsgativa ion), M, 7532 (19%), 
M, 7940 (37%). M, 8075 (26%). M, 8150 (15%). 
blon seen as shoulder of main peak. 
‘Theoretical molecular weight of toxin FS, is 7018. It has been identified as the third most abundant 
toxin m the venom of D. polylepis, yet little experimental evidence exists of a major component of this 
molecular mass. In all experiments we have noted an abundant species of molecular mass 7035 
(excwt in neaative ion MALDl/TOF/MS usina u-cvano-4.hvdroxvcinnamic acid matrix) and have 
postulated thai this species is toxin FS,. - . 
dUsing u-cyano-4-hydroxycinnamic acid matrix tha ion of 47% relative ion abundance occurred at 
m/z 7018 and was seen as a shoulder on the peak resulting from the protonated molecular ion of the 
peptide of m /z 7035. Using sinapmic acid matrix, an ion of m/z 7023 (relative abundance= 16%) was 
noted as a shoulder on the ion of m/z 7036 (relative abundance = 25%). 
Mass Accuracy and Resolution published sequences for several species. Of the 24 
Although we looked at the full venoms (up to 100 
sequenced peptides for which molecular masses could 
peptides in each), it is possible to identify the presence 
be assigned from the ES mass spectrum, the mass 
of peptides with molecular masses that match the 
accuracy mainly ranges from 0.006% (toxins S,C, and 
S,C,, D. jumesoni) to 0.05% (toxins VJII,, D. jumesoni; 
Table 3. Comparison of the peptides observed in the ES and 
MALDI/TOF mass spectra of the venom from D. aug~sticeps~ 
Sequenced toxins 
Toxin M, talc. M, ES 
Cl3SlCl 6539.9 6538.2 
C&C3 8567.8 6564.4 
Fe 8583.9 6579.2 
Fasciculin 2 6749.8 6748.0 
Fasciculin 1 6796.6” 
GOSZCZ 6810.0 
a-Dendrotoxin 7048.2 7046.9 
Muscarinic 2 7076.1 7074.0 
CsSz 
c.s, 
Relative ion abundance 
Charge Accuracy ES tSA -SA +CHCA -CHCA 
statea (%I (%) (X) (%I (96) (%) CE 
410) 0.03 4 7 - - 16 - 
411) 0.05 10 5b - 7b 24b - 
4(l) 0.07 8 _ _ 94b _ _ 
411) 0.03 15 21 40 196 30 + 
410) 8 17 ~ 14 13 + 
- 10 24b 8 12 - 
410) 0.02 6 - 11 10 + 
40 0.03 12 - 9 9 7 + 
- 
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Table 3. (Contmrtedi 
Other species observed Relative ion abundance 
Charge +SA -SA +CHCA - CHCA 
Mr states (%I (%I 1%) (96) CE 
6555.0 
6596.3 
6609.9 
6637.3 
6651.6 
6670.0 
6693.1 
6704.0 
6712.0 
6736.0 
6763.0 
6773.0 
6804.0 
6824.5 
6840.0 
6867.0 
6877.0 
6886.1 
6905.0 
6927.0 
6939.6 
6978.2 
6991 .O 
6998.0 
7017.0 
7028.0 
7038.0 
7090.0 
7107.0 
7161.0 
7201 .O 
7280.8 
7316.0 
7332.3 
7425.4 
7449.0 
7487.6 
7508.9 
7571 .o 
7685.0 
7710.0 
- 
4(O) 
4(O) 
4(O) 
4(O) 
3(l) 
40) 
310) 
40) 
4lQ) 
310) 
4(l) 
4(O) 
4(O) 
3(O) 
4(O) 
4(O) 
4(O) 
- 
100 
51 
7 
40 
- 
4 
- 
- 
5 
- 
4 
- 
5 
- 
- 
20 
4 
- 
3 
- 
4 
- 
4 
- 
4 
4 
3 
4 
- 
- 
- 
76 
70b 
100 
36b 
15 
14b 
10 
17 
13b 
8 
14b 
6’: 
13 
14 
3b 
4 
3 
- 
2 
2 
2 
IO 
- 
- 
9 
3 
- 
16” 
- 
100 
- 
- 
- 
30b 
38 
- 
26 
24 
33 
24 
19 
16 
13 
14 
- 
lob 
10 
9 
7 
75 
21b 
19b 
22 
22 
16b 
17 
20 
IO 
100 
16b 
23 
22 
4 
9 
15 
32 
12 
7 
8 
6 
2 
7b 
10 
6 
7 
8 
- 
4b 
7 
7 
3 
8 
3 
3 
2b 
24 
IOOd 
1OOd 
34 
21b 
- 
17 
13b 
12 
8b 
5 
4 
9 
10 
12 
lob 
12 
10 
IOb 
11 
4 
- 
5 
5 
3 
- 
- 
+ 
+ 
_ 
+ 
- 
- 
_ 
_ 
_ 
_ 
- 
- 
_ 
- 
- 
+ 
_ 
_ 
- 
- 
_ 
_ 
- 
- 
_ 
_ 
_ 
_ 
- 
a See Table 1 for explanation of charge state, +SA, - SA. t CHCA. and - CHCA Species observed 
using one method but with no corroboration: ES /TvlS - M, 6848.5 [3(O). 4%1; M, 7975 7 [3(Z). 8561; M, 
7891.1 13(Z), 4%l. M, 8032.3 [3(3), 2%1. MALDI /TOF /MS (“indicates ion seen as shoulder on mqor 
peak)-smapinic acid (positive eon). M. 6514 (2%). M, 6616 (49%*). M, 6627 (30%*), M, 6815 (9%). M, 
6858 (4%*), M, 7216 (2%). M, 8625 (4%); sinapinic acid (negative mn), M, 6502 (6%). M, 7179 (7%). 
M, 7234 (8%). M, 7257 (9%). M. 7338 (7%“). M, 7415 (23%). M, 7536 (26%), M, 7601 (15%). M, 7745 
(9%“‘). M, 7799 (8%). M, 7657 (9%). M, 7945 (5%); u-cyano-4-hydroxycinnsmic acid (positive ion), M, 
6663 (7%). M, 6783 (15%). M, 7189 (3%). M. 7300 (3%), M, 7554 (5%); ~-cyano-4-hydroxycinnamic 
acid (negative ion], M, 6727 (24%). M, 6953 (9%). M, 7367 (5%). 
‘Ion seen as shoulder on major peak. 
‘Fasciculin 1 is noted in the literature as having the same sequence as fasciculin 2 except for 
replacemenr of an asparagine /aspartic acid by tyrosine I361 ES /MS can confirm this to be the case 
but when looking at the entire venom. the mass accuracy is insufflcient to determine whether 
asparagine or aspartic acid is the substituted amino acid. 
dThe base peak in the negative ion MALDI AOF mass spectrum using a-cyano-4-hydroxycinnamic 
acid matrix occurred at m/z 6603. This was thought to result from the merging of the signals due to 
the IM + HI+ ions of the peptides of molecular masses 6596 and 6610. 
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Table 4. Comparison of the peptides observed in the ES and 
MALDI/TOFmass spectraofthevenom from H.haemachatusa 
Sequenced toxins Relative ion abundance 
Charge Accuracy ES tSA -SA +CHCA -CHCA 
Toxin Mr talc. M, ES state’ (%) (a/o) (%I (%I (%I (%/cl CE 
HHV II 6401.4 6400.4 3(l) 0.02 5 20 - 17 ~- 
11 6784.4 6782.5 4(O) 0.03 96 83b - 100 100 + 
12A 67924 6789.2 3(O) 0.05 16 100 - 
IlA 6800.4 6798.2 410) 0.03 100 - 100 98b t 
IV 6823.7 --- - 94 - 
II 6829.8 -- - 
128 6836.6 6835.1 410) 0.02 73 60b - 71 -+ 
9B 7185.7 7183.9 4(01 0.03 7 ~ - 35b 22 + 
9BB 7213.7 7211.6 410) 0.03 5 ~ - 32 17 - 
Phospholipase 13505.3 - ~ 2 3 ~- 
ADE-1 
Otherspeciesobserved Relative ion abundance 
M, 
Charge 
state" 
+SA -SA tCHCA -CHCA 
(%I (9/o) 1%) (%I CE 
6391 .o 
6419.9 
6580.0 
6603.0 
6621.4 
6641.0 
6674.8 
6687.6 
6706.2 
6716.8 
6726.2 
6737.2 
6748.4 
6768.0 
6814.6 
6851.7 
6866.3 
6879.7 
6889.2 
6899.7 
6934.1 
6962.0 
6994.9 
7000.0 
7019.0 
7031.4 
7055.0 
7114.0 
7164.0 
7205.0 
7226.0 
7243.0 
7294.0 
7415.0 
3(O) 
3(O) 
3(O) 
- 
2 
_~ 
4 
- 
2 
6 
5 
3 
4 
8 
8 
47 
23 
13 
12 
23 
11 
25 
23 
- 
8 
- 
8 
- 
- 
- 
22 
18 
13 
13 
6 
8 
60 36 
- - 
- - 
lob 
15b 
11 
12b 
22 
15b 
32 
10 
10 
40 
15 
33b 
32 
84' 
82 
46 
18b 
38' 
5ob 
4Ob 
93b 
93 
43 
26 42 
21 
45b 
52 
24 
13b 
16 
18 
- 
25 
24 
20 
- 
- 
- 
- 
- 
16 
16 
11 
10 
10 
10 
13 
20 
15 
- 
IO 
- 
7 
10 
37 
13 
- 
16 
- 
lob 
16b 
18 
12b 
16b 
- 
23 
4lb 
- 
- 
- 
38" 
38' 
26 
26 
12 
10 
9 
- 
17 
17 
13 
10 
10 
_ 
- 
_ 
_ 
- 
_ 
_ 
_ 
- 
i- 
_ 
_ 
_ 
+ 
- 
- 
_ 
_ 
_ 
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Table 4. GmtinuedJ 
Other species observed Relative ion abundance 
Charge +SA -SA tCHCA -CHCA 
w statea (%I 1%) (%) (%I CE 
13.520.0 +c f" - 
13.560.0 80 2 2 
13.600.0 85 i-c _ 
13,620.O 80 2 - _ 
13,760.O 30 +c _ 
“See Table 1 for explanation of charge state. +SA. -SA, +CHCA. and -CHCA. Species observed 
using a single method but with no corroboration: ES /MS- M, 6698.7 [4(O), 5%1; M, 7683.7 [3(l). 4%1 
MALDI/TOF/MS- sinapinlc acid (positive ion), M, 6159 (30%). M, 7304 (32%). M, 7381 I1 8%). M, 
7594 (12%). M, 13,540 (76%). M, 13.829 (26%). M, 24,901 (15%); sinapinic acid (negative ion), M, 
5869 (22%). M, 6483 (6%). M, 6501 B%), M, 6523 (8%). M, 7092 (15%). M, 7320 (20%). M, 7481 
(10%). M, 13.720 (2%); ~-cyano-4-hydroxyctnnamic acid (positive ion), M, 6383 (21%). M, 6610 (21%). 
M, 7258 (16%). M, 7365 (11 %L M, 13,460 (3%); at higher laser powers. M, 13,460, M, 13,655, M, 
13 700. 
~~-cyeno-4-hydroxycinnamic acid (negatwe ion), M, 6351 (10%). M, 6376 (12%), M, 6514 (16%). M, 
7045 (9%). M, 7144 (12%). M, 7352 (10%). M, 7432 (9%). Ions are seen as shoulders on major peaks. 
‘Seen at higher laser powers than that of the spectrum on which relative ion abundances are based. 
C&C,, D. augusticeps; and 12A, H. haemachatus), 
although toxin F, in the venom of D. augusticeps (Fig- 
ure 3, Table 3) shows a mass accuracy of only 0.07%. 
This compares with a mass accuracy of 0.1% obtained 
with external calibration for MALDI/TOF/MS. Where 
multiply charged species of several components coin 
tide at the same mass in the ES mass spectrum, accu- 
rate assignment will be more difficult. 
For toxins 11, llA, and 12A in the venom of H. 
haemachatus whose molecular masses differ from one 
another by 8 u, we can still assign molecular weights 
with greater than 0.05% mass accuracy (Figure 4, Table 
4). For most cases where both MALDI/TOF/MS and 
ES/MS indicate the presence of the same peptide, the 
calculated molecular weight from the ES mass spec- 
trum is assumed to be the more correct assignment. 
The low resolution of MALDI/TOF/MS means that 
baseline resolution of peptides with closely related 
molecular masses can be difficult. The ES mass spec- 
trum of D. jamesoni (Figure 1, Table 1) identifies the 
presence of several peptides that have molecular 
masses between 6540 and 6800 Da, particularly of 
approximately 6630 and 6750 Da. The MALDI/TOF 
mass spectra can only unequivocally identify the major 
ions, whereas the less abundant species either will be 
noted as shoulders on the major peaks or will be 
totally obscured by the more abundant ions. Species 
that are seen as shoulders on larger peaks in the 
MALDI/TOF mass spectra are noted in Tables 1-5. 
A more extreme example of the inability of 
MALDI/TOF/MS to differentiate closely related 
molecular masses can be seen in the lower mass region 
of the spectra of the venom from H. haemachatus (Fig- 
ure 4, Table 41, where most of the abundant peptides 
occur between 6740 and 6940 Da. In this region of the 
ES mass spectrum we noted 13 peptides, including the 
sequenced toxins 11, llA, 12A, and 128. In compari- 
son, the best MALDI/TOF/MS results were obtained 
using sinapinic acid in the positive ion mode, where 
essentially six major peptides were noted, including 
toxin 12A (M, 6792.4, seen as m/z 6795) and the 
unsequenced peptides of molecular weights 6750,6814, 
6853, 6880, and 6900 Da, together with three other 
peptides noted as shoulders on the main peaks. 
Several of these peptides have been isolated and 
sequenced, and it was found that ES/MS alone could 
not indicate all of the species present. Toxins II, IV, 
and 12B, with molecular weights of 6829.8, 6823.7, and 
6836.6 Da, respectively, were not resolved. Previous 
CE/MS experiments indicated the response of toxin 
12B to be approximately 12 times that of toxin II, with 
toxin IV not seen at all 1481. The presence of only one 
peak in the ES spectrum can be explained by the large 
response seen for toxin 12l3, overwhelming that of the 
more minor toxin II. For these peptides, a separation 
stage prior to characterization by mass spectrometry is 
vital. 
The base peaks in the MALDI/TOF mass spectra 
acquired for the venom of M. fulvius arise from pep- 
tides with molecular masses between 13,350 and 
13,500. Unfortunately, the reduced resolution of 
MALDl/TOF/MS does not allow definite identifica- 
tion of the less abundant peptides in this molecular 
weight region because they are only noted as shoul- 
ders on the main peak. In this case, the use of ES/m 
is ideal for confirmation of these less abundant pep- 
tides (Figure 5, Table 5). 
For venoms that contain a large number of closely 
related peptides, MALDI/TOF/MS provides a useful 
indication of the approximate molecular weights of 
groups of ions, whereas ES/MS can be used to provide 
extra accuracy for characterization of the group. 
Jon Suppression in the ES Mass Spectrum 
Reports in the literature state that cobra venoms con- 
tain a phospholipase A, fraction with molecular masses 
of approximately 13,000 [461. The venom of D. augusti- 
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Table 5. Comparison of the peptides observed in the ES and 
MALDI/TOF mass spectra of the venom from M. filvius” 
Relative ion abundance 
Speciesobserved Charge ES +SA -SA +CHCA -CHCA 
in spectra CM,) statem Co/.) 1%) 1%) (%) (%I CE 
6328.6 3(l) 
6479.0 
6492.6 
6516.0 
6542.0 
6560.0 
6610.0 
6633.0 
6658.5 
6693.0 
6700.0 
6719.0 
6751.0 
6773.8 
6623.0 
6886.5 
6931.0 
6944.7 
6966.0 
7086.2 
7116.3 
7143.6 
7240.9 
7437.6 
7501.5 
7517.2 
7533.0 
7555.9 
7572.7 
7587.2 
7630.0 
7663.0 
7686.2 
7742.7 
13.183.3 
13,277.g 
13.391.9 
13.415.2 
13.432.8 
13.456.5 
13.532.0 
13.558.4 
13.640.0 
13.776.3 
26.800.0 
410) 
3(O) 4 
4(3) 10 
4(O) 12 
3(O) 2 
3(O) 4 
4(l) 3 
4(O) 18 
3(O) 6 
3(2) 5 
3(l) 4 
3(l) 7 
5(4) 100 
3(l) 10 
5(l) 18 
5(2) 18 
3(l) 35 
4(l) 5 
3(3) 2 
3(2) 10 
3(2) 7 
3(2) 13 
4(O) 29 
4(O) 92 
4(O) 27 
3(2) 15 
4(O) 29 
3(3) 
6 
10 
20 
8 
5 
4 
4 
- 
41" 
41b 
21 
12 
37 
51 
- 
24 
21 
17 
10 
9 
- 
- 
16 
19 
- 
13 
- 
100 
75 
47 
22 
- 
11 
- 
5 
7 
15b 
22b 
16 
- 
21 
- 
12 
11 
- 
9 
- 
19 
20 
14 
14 
7 
- 
- 
100 
88 
53 
- 
12 
14 
16 
- 
6 
7 
- 
9 
9 
8 
8 
5 
- 
11 12 
16 15 
- 16 
10 11 
8 
- 
5 
5 
8 
- 
4 
7 3 
4 
- 
- 
31 
30 
28 
15 
16 
15 
16 
6 
- 
- 
4 
20 
66 
97 
100 
35 
9 
19 
26 
100 
87 
81 
69 
39 
14 
6 
+ 
+ 
+ 
- 
_ 
_ 
_ 
+ 
+ 
_ 
_ 
_ 
+ 
- 
_ 
_ 
t 
t 
_ 
+ 
_ 
_ 
- 
- 
_ 
_ 
_ 
_ 
_ 
- 
_ 
_ 
- 
_ 
_ 
_ 
- 
_ 
‘See Table 1 for explanation of charge state, fSA, -SA, +CHCA. and -CHCA. Species observed 
using one method but with no corroboration: ES /MS-M, 6198.3 [3(Z), 4961: M, 8254.0 [3(l). 2%J; M, 
6457.6 [3(2), 13%1; M, 6589.8 [4(3J, 7%1; M, 7116.3 [4(l), 3961; M, 7437.6 [3(2). 5961; M, 7653.7 [4(2). 
7561. M, 7730.1 [3(1 J, 8%1; M, 8132.7 [4(3), 3%1: M, 8851.6 [4(4). 13%1; M, 13.367.9 [3(O). 41961: M, 
13.482.8 [3(O). 15%1. MALDI /TOF/MS~sinapin~c acid (positive ion), M, 6810 (19%). M, 13,680 
(12%). M, 27,000 (3%); sinapinic acid (negative ion), M, 6530 (12%). M, 6856 (18561, M, 6876 (14%). 
M, 6377 (9%). M, 7004 (8%). M, 7678 I1 2%). M, 7699 (12%). M. 27.160 (10%); u-cvano-4-hvdroxvcin- 
nam~c acid (positive ion). M, 7362 (6%). M, 7616 (15%). M, 7786 (6%): a-cyano-4-hydroxycinnamic 
acid (negative ion), M, 6844 (7%). M, 6897 (6%). M, 7185 (4%). M, 7484 (6%). 
bl~ns are seen 8.s shoulders on major peaks. 
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Figure 6. ES mass spectrum of the wncm from N. mossd~nbica. 
ceps has been found to lack phospholipase A, en- 
zymes, and this has been postulated to be true of the 
other mambas [36]. Two phospholipase A fractions 
extracted from the venom of H. haemachatus venom 
comprised 10% of the total venom [40]. A study on the 
venom of N. mossambica using LC with UV detection 
estimated the phospholipase A, content to be 33% 
w/w, and the venom of N. melanol~ucu also contained 
a significant amount of phospholipase A,, with phos- 
pholipase activity approximately five times that of N. 
mossambica 1461. Consequently, we expected the ES 
mass spectra of H. haemachatus (Figure 41, N. mossam- 
bica (Figure 61, and N. melanoleuca (Figure 7) to contain 
ions of significant abundance that would deconvolute 
to masses of approximately 13,000 ([M + 9H19+ species 
approximately m/z 1470-1500, [M + SH]” species 
approximately m/z 1660-1690, and [M t 7H17+ 
species approximately m/z 1900&1930). The ES mass 
spectra of H. haemachatus and N. mossambica provide 
no indication of larger peptides, but the MALDI/TOF 
mass spectra of the venom from H. haemachatus, even 
when acquired at low laser powers to aid the detection 
and resolution of smaller molecular weight peptides, 
yielded some response for the phospholipase fraction, 
particularly when sinapinic acid matrix (positive ion) 
was used. Higher laser powers greatly increased the 
signal for these species. 
The ES mass spectrum of N. melanoleucll indicated 
the presence of peptides of molecular masses 13,344 
and 13,432, but a truer measure of the relative abun- 
Figure 8. Summed ES mass spectrum obtained fmm CE/MS of 
the vrnom from N. melanoleuca. 
dances of peptides in the venom of N. melunoleuca was 
believed to be the total ES mass spectrum obtained 
after CE/MS, where the peptides in the venom were 
essentially admitted to the source one at a time, and it 
was found that the peptides of molecular weights of 
approximately 13,000 Da had a much higher relative 
ion abundance (Figure 8). This was reflected by the 
unknown venom of M. fulvius, where the most abun- 
dant ions in the flow injection ES mass spectrum re- 
sulted from a peptide of molecular mass 7533, with the 
other significant ions resulting from peptides of molec- 
ular masses of approximately 13,400. In the 
MALDI/TOF mass spectra of M. j-i&us, whether 
sinapinic acid or a-cyano-4-hydroxycinnamic acid was 
used as the matrix, the base peaks resulted from these 
larger peptides. This was also true of the totaled spec- 
trum from CE/MS (Figure 9). These findings led to the 
conclusion that the responses for the higher molecular 
weight peptides were suppressed during flow injection 
ES/MS analysis. 
Ion Suppression in the MALDI / TOF Mass 
Spectra 
The MALDI/TOF mass spectra of the venom from D. 
polylepis revealed no significant ions above m/z 9000, 
and this was also seen to be apparent from the ES 
Figure 9. Summed ES mass spectrum obtained from CE/MS of 
the vemxn from M. fnluius. Figure 7. ES mass spectrum oi the venc~m from N. mefunoleuca. 
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spectrum (Figure 2, Table 2). The venom of D. pdylepis 
has been roughly quantified; the major component of 
the venom, toxin I (M, 7132.4), constitutes 20% of the 
venom [49]. The ES spectrum is dominated by the 
[M + 7H17+ and [M + 6H16+ ions of toxin I at m/t 
1020 and 1190, respectively, but it can be seen that the 
positive ion MALDI/TOF mass spectrum using sinap- 
mic acid matrix is dominated, instead, by an ion of 
m/z 6806, resulting from toxin C (1.5% of venom) 
1491, whereas the base peak in the negative ion 
MALDI/TOF mass spectrum results from protein 
CM-3. The relative ion abundances of toxin I in 
MALDT/TOF/MS using sinapinic acid matrix are 36% 
in the positive ion mode and 16% in the negative ion 
mode. The relative abundances of species seen in the 
ES spectrum have been further clarified by CE/ 
ES/SIMMS experiments, and other significant peptides 
in this venom that show only a small response include 
peptides of molecular weights 7986 (toxin d) and 8004 
[47,48]. This suppression of specific peptides can be 
overcome by the use of alternative matrices. The posi- 
tive ion MALDI/TOF mass spectrum obtained using 
a-cyano4-hydroxyciamic acid as the matrix (Figure 
2, Table 21 yielded the [M + H]’ ion of toxin I as the 
base peak, together with a significant response for both 
toxin d and the peptide of molecular weight 8004. 
The dependency of the relative ion abundances on 
the matrix is also demonstrated by the MALDI/TOF 
mass spectra of the venom of D. jamesoni (Figure 1, 
Table 1). Using sinapinic acid as the matrix, the base 
peak in the spectrum is a peptide of molecular mass 
6634, in agreement with the ES mass spectrum. Use of 
a-cyano4-hydroxycinamic acid yields the [M + HI+ 
ion of toxin S,C, as the base peak, with the peptide of 
molecular mass 6634 showing a relative ion abundance 
of 20%. Furthermore, a-cyano-4-hydroxycinnamic acid 
matrix also provides more information concerning 
peptides of molecular weights greater than 6900 Da 
(Figure 1, Table 11. This selectivity is helpful where 
less abundant peptides yield larger responses than 
indicated by other methods, such as the peptides be- 
tween m/z 6820 and rr~/z 6950 in the MALDI/TOF 
mass spectra of D. jumesoni, which were not seen using 
ES/MS, or the enhanced signal, seen using sinapinic 
acid, for peptides of molecular weights of approxi- 
mately 7350, 7400, and 7670 Da in the venom of D. 
palyleppis relative to cu-cyano4-hydroxyciamic acid. 
Another example is the [M + H]+ ion of toxin Fs from 
the venom of D. augusticrps. In the IvlALDI/TOF mass 
spectrum, using ol-cyano-4-hydroxycinnamic acid ma- 
trix, it has a relative ion abundance of 94% relative to 
8% in the ES mass spectrum but is not seen at all using 
sinapinic acid matrix. 
Additional flexibility is obtained for MALDI/ 
TOF/MS by use of negative ionization. Toxins of 
molecular masses between m/z 7200 and 8000 were 
noted in the venom of D. augusticeps using sinapinic 
acid matrix in the positive ion mode; however, the 
increased by changing the polarity of the accelerating 
voltage (Figure 3). 
Molecular Mass Assignments of Sequenced Pepfides 
The molecular mass assignments were used to provide 
confirmation of sequences reported in the literature 
(Tables l-5). For most sequences, molecular masses 
are provided that agree with the sequences, but in 
some cases doubt exists where expected ions do not 
occur, Spectra of the full venom can definitely confirm 
the presence of a peptide of a particular molecular 
mass but cannot prove unequivocally that a toxin is 
not present because suppression was noted with both 
methodologies. For toxins in the molecular weight 
range 6000-9000 Da, lack of confirmation by either 
technique may suggest that the published sequence is 
incorrect, and mass analysis of the individual peptides 
would be desirable to unequivocally confirm the pub- 
lished sequences, particularly because peptides are ob- 
served with molecular masses that are close to the 
published sequences but do not match them (e.g., 
toxin IV, H. haemachatusl. Obviously the possibility 
exists that some peptides may be suppressed using all 
methods. 
A significant problem has been toxin FS,, which is 
the third most abundant peptide in the venom of D. 
palylepis. CE/ES/SIMMS experiments identified the 
presence of approximately 100 peptides in the venom 
of D. polylepis, but there was no indication of ions 
pertaining to a peptide of molecular mass 7018 [47]. It 
was thought, however, that an abundant peptide of 
molecular mass 7035 may be toxin FS, [47], and posi- 
tive ion MALDI/TOF/MS and ES/MS data would 
seem to confirm this; however, a peak at m/z 7018 
was noted in the negative ion spectrum using u- 
cyano-4-hydroxycinnamic acid matrix, albeit as a 
shoulder on the ion of m/z 7035, indicating the need 
for analysis of the extracted peptidc. 
Conclusions 
Both ES/MS and MALDI/TOF/MS provide valuable 
information for the preliminary characterization of 
snake venoms. Where many closely related peptides 
are present, ES/MS is more useful because the resolu- 
tion of MALDI/TOF/MS is too low to differentiate 
fully among them, and this can lead to the obscuring 
of some major components. MALDI/TOF/MS, how- 
ever, is particularly useful for indicating the full range 
of peptides present because suppression of higher 
molecular weight peptides occurs during ES/MS. Sup- 
pression during MALDI/TOF/MS is more difficult to 
predict but can be overcome through the use of alter- 
native matrices. The different information provided by 
both techniques indicates that to obtain as much pre- 
liminary data as possible about complex peptide mix- 
relative response of these peptides was substantially tures, such as snake venoms, the use of both tech- 
684 PERKINS ET AL. j Am Sac Mass Spectrom 1993,4,6X-684 
niques to provide complementary and confirmatory 
information is desirable. 
Inclusion of a separation step is vital for the com- 
plete characterization of snake venoms, particularly 
concerning minor components and multiple species of 
the same molecular weight. At present, interfacing LC 
or CE with ES/MS would seem to indicate the more 
complete approach. 
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